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I.NVESTIGATION OF DIVE BRAKES AND A DIVE-REC: FLAP

ON A HIGH-ASPECT-RATIO WIW3 IN THX

‘UL?TGLEY6-FOOT HIGH-SPEED TUNNEL

By AXel T. Mattson

SUMMARY .

The results of tests made to dete~~ine the aero-
d~amic characteristics of a Soltd brake, a slotted brake,
and a dive-recovery flap mounted on a high-as~ect-ratio
wing at ‘high Mach numbers are presented. The data were
obtained in the Langley 8-f’ootb.i.gh-speedtunnel for cor-
rected Mach numbers up to 0.940. !Tne.resuits have been
analyzed with regard to the suitability of dive-control
devices for a proposed high-speed airplane in limiting
the airplane terminal ].:achnumber by the use of dive
brakes and in achieving favorable dive-recovery charac-
teristics by the use of a dive-recovery flap. The
analysis of the results indicated that the slotted brake
would limit the pro osed airplane terminal Xach num3er

ito values below 0.8 0 for altitudes up to 35,000 feet
and a wing loading of 80 pounds per square foot and the
dive-recovery flap would produce trim changes required
for controlled pull-outs at 25,00C feet for a ?tachnumber
range from 0.800 to 0.900. Basfc cha~es in spanwise
loading sre presented to aid in the evaluation of’the
wing stre-ngthrequirements.

INTRODUCTION

The investigation presented was undertaken because
or the adverse compressibility phenomena that affect the
longitudinal stability and control of high-speed airplanes
and because of the vital eed Tor safety in dives at high
Mach numbers. The inve$?

tion was conducted in the
Langley ~-foot h@h-speed

%
In order to obtain data

for use in evaluating the ae “ mic characteristics of
dive-control devfces at b.igh Ka

SW
‘ers. The aerody-

namic characteristics of a low-dz-aJ
@

equipped with a
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2 CONFIDENTIAL NACA RM NO, LLH28b

solid brake, a slotted brake, s.nda dive-recovery flap
for application as dive-control devices are presented.
The dive brakes were investigated primarily to determine
their application as speed-limiting ijevices at hi@ Mach
numbers. Some evaluation of their flight characteristics
was also made. The dive-recovery flap was investigated
to determine its effectiveness in producing a controlled
pull-out from a high-speed dive. ::

The high-speed aerodynamic characteristics, which
includs the lift, span loading, pitcblng moment, drag,
and wake widthe for the high-aspect-ratio wing have been
analyzed and are presented in reference 1. The data
prasented herein include tinesame aerodynamic character-
istics as affected by a solid brake,’ a slotted brake, and
a dive-recovery flap. AISO included in the present inves-
tigation are ificrements Itiavera~e d-ownwash;esulting
from the additicn of a dive-recovery flap. Data for Mach
numbers up to 0.91\CIare presented.

SYMBOLS AND COEI??IC$IENTS

a

b

c

C!

M

P*

P

P

q

speed of sound ih undisturbed stream, feet per
second

span of model, feet (3.15)

seation chord of model, feet

mean aerod~namic chord (0.37 ft)

Mach number in undisturbed stream (:J/a)

static pressure in undisturbed stream, pounds per
square foot

local static pressure at a point on airfoil section,
pounds per square foot

()P - P.
pressure coefficient -—”

q

undisturbed-stream dynamic pressure, pounds per

()
1 2’square foot ,5P~J
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s

v

x

Y

a

0

NT

R

AE

‘t

AH

w /3

area of complete model, squarre

3

feet (1.10)

velocity in undisturbed stream, feet per second

distance along chord from leading ed&e of section,
feet

distance along semispan from wing center line, feet

angle of attack, de~ees

mass deasity in undisturbed stream, slugs per cubic
foot

estimated terminal Hach number

Reynolds number

increment in downwash single,degrees

a%le of incidence of stabilizer, degrees

lCSS of total pressure between free stream and
station in wake

airplane wing loading$ pounds per square foot

Subscripts:

cr critical

L lower surface of airfoil section

u upper surface of airfoil section

The coefficients are defined as follows:

Cn section normal-force coefficient

CORFIIMYTTJL
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cm section pitching-moment coefficient about 25-percent-
~–

L,A

chord-statiofi

cm= $Jc(,u - PL)(x -

cN win,gnor@l-force coefficient

2=—
CN s

‘%/2~
wing pitching-moment

chord “staticn
coefficient

.

dCdx

CD wi~ profile-drag coefficient
0

.
—.
.-

about2~-percent- _-

—
.

b
- section loadingCncs

—.

-r

APPARATUS A.NDMETHODS

.-

The Langley 8-foot high-speed tunnel, in which the
tests were conducted, is of the single-returnj closed-
throat t~e. The Mach number at the throat is continu-
ously controllable. The air-stream turbulence in the
tunn;l is small but slightly hi.glherthan in free air. A
complete description of the basic model and tunnel setup
is ~iven in reference 1 with the corrections for model
constriction, wake constriction, lift-vortex interference,
and model inaccuracies. All the data presented are for
corrected Mach numbers unless otherwise specified,

The hl@-aspect-ratio wing used in tb.is iIWeSbi,gatiOIl

is the same win~ used in the tests of reference 1 with
dive-control devices added. The wing has an NACA 65-210
section, an aspect ratio of 9.0, a taper ratio of 2.5:1.0,
no sweepback, twist, or dihedral (reference 1). The
effective span of the model is 37.8 inches, tho root
chord is 6 inches, and the tip chord is 2.4 inches. The
model wing included 20 static-pressure orifices placed

CONFIDENTIAL
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at each of eight stations along the span. The spanwise
locations of the stations in percent of the semispan
are 11, 20, 30, 43, 56, 64, 80, and 95. The four inbcard
stations were placed on the left half of the wing and the
four outboard stations were placed on the right half of
the wing. The wing and the locations of the orifices are
shown in figure 1.

In the investigation two types of dive brake having -
the same over-all dimensions and”the same location were
mounted on the model wing. (See fi~. 2.) The solid
brake consisted of a solid plate having a span approxi-
mately 20 percent of the wing semispan and a height the
same as the ?:i~~thickness (10 percent of the local wing
chord ). The face of the slotted brake includes three
banks of four slots inclined 10° to the air stream. Each
slot was approximately 25 percent of the brake span and
10 percent of the brake height. (See fig. 3.)

The dive brakes were located on both the upper ‘and“
lower surface of the mcdel wing at 50 percent of the wing
chord. The dive brakes were located spanwise, symmetrical
about the wing center line; the center of the upper-
surface brake was located at approximately 20 percent of
the wing semispan; and the center of the lower-sux-face
brake was located at approximately 12 percent of the wing
semispan. (See fig. 4..) The unsymmetrical spanwise
location of the brakes was used because of a possible
installation in which the brakes could be applied by
rotatiilg in a plane normal to the chord line about a
common support. The inbosrd location was necesssry to
insure adequate model strength.

The dive-recovery flap was located on the lower sur-
face of the model wing, (See fig. ~. ) The model flap
was of the wedge type with a chord 10 percent of the
local wing chord and a span 20 percent of the wing semi-
span. (See fi~. 6.) The leading edge of the flap was
located at ~0 percent of the wing chord and the center of
the flap was approximately 20 percent of the wing semis-
pan from the model center line. Tlieflap was
deflected 300 with reference to the wing chord line.
Pressure orifices were installed on the dive-~ecovery
flap at corresponding wing stations A, B, and C.
fig. 6.)

(See

No force measurements were made during the tests.
All the lift and moment data were obtained from

CONFIDENTIAL
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.

integrations of the pressure-distribution measurements.
“

The pressures at the lb4 orifices were recorded simul-
taneousl~ by photographing a multipls tube manometer.
The pressure-distribution measurements were made for a
corrected ?dach-number range from 0.4.00to 0.940. The
tunnel choked at an uncorrected ldachnumber of 0.945.

The brake configurations were tested at andles of
attack of 0°, 2°, 4°, 7°, and 10° for Mach n~lbers
of 0.)}00and 0.600 and at anQes Of attack. of O“) 2°
and 40 for the complete Mach number range. The dive-
recovery flaps were tested at angles of attack 01 -2°$
0°, 2°, 4°, and 7° for the complete ‘Mach number r&n.~e.

-.—.

The wake-survey drag measurements were made inde-
pendently OF the pressure measurements. These measure-

—

nents were made for uncorrected Hach numbers of 0.)+00,
0.600, 0.725, 0.760, 0.800, 0.850, and 0.8~0. As”

.- .

pointed out in refererice 1.,the tumn~l choked with the
wake-survey rake-support strut installgd !xhenthe uncor-

-.

rected Mach number in the region. of the model was 0.880.
—
0’.

A calibration of the tunnel with the wake-survey strut
—

in place Indicated that the results are essentially
unaffected by choking effects up to the choking Mach J

number of’the wake-survey strut. (See reference 1.)
Wake-survey measurements were made ah six spanwise sta-
tions 1.4 root chords behind the 2~-percent-chord line

—
-.

of’the win .
&

These stations were 11, 20, 26.5, 30.2,
——

33.3, and .9 percent of the wing s~mispan from the
model-support plate, Wake-survey measurements for out-

—

board stations of 60, 80; 95, and 102 ,percent semispan
—

were obtained from t’nedata of reference 1. These meas-
urements were made for the complete Idachnumber and angle-
ot’-attackranges. In order to obtain wake-width measure-

—

ments at a t~~ical tail location. wake surveys were made
at a
line
26.4

2.87

station”~.82 root chords behind the 2b-~ercent-chord
of the wing, ~ inches from the support plate or
percent wi.~ semispan.

Downwash measurements were made at a station
root chords behind the 25-percent-chord line of the

wi~ for the wi~ with dive-recovery’flap and wing alone
and 26.4 percent of the win~ semispan from the support

—:

plate. The measurements were made by a small calibrated
—

yaw head. The yaw-head measurements were made at a point -“

located TO percent of the chord above the center line of
the tunnel. The measmements were made f’ora Mach number
range-from 0.400 to 0.880 at angles of attack of 0°, 2°,
4°, and 7°.

CONFIDENTIAL
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The variation of model Repolds number in the Langley
8-f’oothigh-speed tunnel, based on the mean aerodynamic
chord of the model wing (0.37 ft), as a function of test
Mach number is presented in fiGure ~. The vsriation of
level-flight airplane lift coefficient with Mach number
for wing loadings of 60 and 80 pounds per square foot are
presented in figure 8.

In order to aid in locating the various fi~ures in
this report, a figure index has been prepared giving the
figure number, title, Mach number
attack range. (See table 1. )

RESULTS

Fressure Distribution and

range, and angle-of-

Span Loadings

Basic pressure distributions.- The basic chordwise
pressure distributions for the solid brake, slotted brake,
and dive-recovery flap for spanwise stations Or 11, 20,
Z(),and 43 percent semispan for Mach numbers of approxi-
mately 0.600, 0.800, and 0.930 and angles of attack of O*,
4.0, and 10° are presented in figures 9 to 20. These data
illustrate the section chordwise loadings that occur with
the application of the dive-control devices and the
appearance of compressibility effects. The chordwise
pressure-distribution Measurements for all spanwise sta-
tions have been ~ntegpated to determine the corresponding
section normal-force and moment coefficients. The span-
wise variations in section loading are presented in
figures 21 tO 23. ‘Then compared with the results of
reference 1 figures 21 to 23 illustrate the changes in
aerodynamic forces along the span of the model caused
by the application of the dive-control devices for varia-
tions in angle of attack and Kach number.

Normal force and pitching moments.- The spanwise
variations In normal-force and pitching-moment coeffi-
cients were integrated along the wing semispan for each
angle of attack and test Mac-nnumber to obtain total wing
normal-force coefficients and total pitching-moment coef-
ficients. The total wing pitching-moment coefficients
are based on the mean aerodynamic chord of the wing (0.37ft)
and were calculated about a point located at 25 percent of
the chord. These normal-force and pitching-moment coeffi-
cients are presented for the solid brake, slotted brake,

CONFIDENTIAL
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and dive-recovery flap at each angle of attack
against Mach number in figures 24, 25, and 26,

.
plotted I-.
respcc -

tively. The results for the model wi~ alone are pre-
sented In reference 1,

The effects of the solid brake-, slotted brake, and
dive-recovery flap on the static lo~gitudlnal stability
characteristics of the wing are shown in figure 27. The
variation of dCn\da and dCm/da with Mach number for
an airplane level-flight wing loadi~ of 60 pounds per
square foot for the wing alone and ~or the:wing with
solid brake, slotted brake, and dive-recovery flap are
presented in figures 28 and 29. In order to illustrate
further the effects of the dive-control. devices on the
aerodynamic characteristics of the wing, the increments
in normal-force and moment coefficients due to tinesolid
brake, slotted brake, and dive-racovery flap are pre-
sented against Mach number in figurqs 30 to 32.

Drag

Section wake surve~s at five spanwise stations have
been reduced to total profile-drag coefficients by use
of expressions including the effects of compressibility
similar to those presented in reference 1. These results
are presented for each dive-control confi,guratfcm in
figures 33 to 35 for constant angles of attack thYough a
range of’lIachnumber from 0..!+00too,86~. The wake-
survey measurements taken at stations 11.0 and 20.2 per-
cent of the wing semispan - that is, directly behind the
brakes - are subject to erfiors introduced by difficulty
h obtaining measurements of the extreme total-pressure
losses in the wake. The errors are-believed to be a
small part of the total drag and become unimportant when
the total drag .is used to estimate the terminal Mach num-
ber . The data and calculations presented are believed
to be closely representative of the drag increases that
can be expected.

From the drag results obtained an estimated varia-
tion of airplane dra~ coefficient with Mach number for
the solid and sl’ottedbrakes at wing loadlnga of 60 and
80 pounds per square foot are presented in fiGures 36
and 37. In these figures the variation of win& drag
coefficient for Oo angle of attack obtained from results
presented in reference 1 are presented as a check on the
variation of estimated airplane dra~ coefficient with

—

.—

—

—

—

—

—

—
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Mach number obtained from reference 2. The generalized
drag curve obtained from unpublished data was extrapolated
up to a Mach number of 1.0 and the extrapolations are used
only to illustrate the high terminal Mach numbers to be
expected for this airplane with a wing loading of 60 and
80 pounds per square foot. The increments obtained for
the solid and slotted brakes were added to the estimated
airplane variation. From these data, the terminal Mach
number estimated for the complete airplane with and with-
out the solid and slotted brakes are presented in figu-
res 38 and 39 for wing loadings of 60 and 80 pounds per
square foot for altitudes up to 35,000 feet.

Wake Profiles

Vertical variations in total-pressure loss in the
wake AH/q were measured at a station representing a
typical horizontal-tail location and are presented for
the wing with the dive-control devices for various angles
of attack and Mach numbers in fi&wres !+0 to ~. This
survey station is 2.82 root chords behind the 2~-percent-
chord line and 5 inches from the support plate
(26.~-Percent wing semispan) , which represents a possible
tail location. All the wake dimensions are given in
terms of the wing root chord. These results show the
wake width In the region of the tail and the wake spread
with increase in Mach number.

Downwash and Estimated Stability

Cha~es in downwash for model configurations with
and without the dive-recovery flap were measw-ed in a
region representing a typtcal horizontal-tail location.
These changes in downwash angles are representative of
changes in tail loads resulting from the action of the
dive-recovery flap. The variation in Increments in down-
wash with Mach numb’er for constant angles of attac-k are
presented in figure 43.

An estimated qualitative comparison of elevator-
fixed static longitudinal stability characteristics estim-
ated for a proposed high-speed airplane with dive-
recovery flaps is presented in figure ~,

CONFIDENTIAL
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,DISCUSSION -

Dive-Brake Characteristics

Tkm primary purpose of a dive brake Is to limit the
tarmi.naJ. Mach number of a high-speed airplane without
creating a serious stability problem, trim change, and
fllght hazsrd such as buffeting excited by low-frequency
wake fluctuations. The slotted brake was designed pri-
marily to decrease, wlt~ a minimum 10ss in braking effec-
tiveness, seine.ofthe.serious effects usually associated
with a solid brake such as lift loss, moment cha~es, and
buffeting tendencies.

$GEi*- A large increase in wing profile drag resulted
from-the application, of the dive-control &akes. The
results presented illustrate the drag coefficients that
can be obtained when air brakes aretntroduced in flow
fields induced by the wing ,and corresponding wing-
Interference drag. (See figs. 33 and 34.) The drag
variation with Mach number .for both the solid and slotted
brakes indicated rapid.increases upto the highest test
Mach number. The profile-dra~ coeff~cient for the slotted
brake at a Mach number of 0.4 and ah angle of attack of Oo
is approximately 30 percent lower than the correspondi~
value obtained for the solid brake, The profile-drag
coefficient for the slotted brake,~hcwever, increases
more rapidly with Mach number so that for a Mach number
“of 0.85 the slotted brake presents a reduction in profile-
drag coefficient of approximately 8Percent lower than
that of the total solid-brake drag. “-This greater rate in
drag Qmrease with Mach number can be accounted for by a
choking condition for the slotted bflake; that 1s, a con-
stant mass flow through the brake s>ots, which with
increasing Mach number will effectively cause the slotted
‘brake to approach the characteristics of the solid brake.
The vari.ati.onof drag for the wing Wfth dive brakes with
angle of attack indicates a decrease in profile-drag
coefficient with increase in angle qf attack. This varia-
tion is expected since at 0° angle of atte.ckthe brakes
are normal to the free-stream air-flow direction, whereas
with increases in wing angle of attack corresponding
changes in brake angles occur. This change in brake
angle may be visualized as a decrease in effective brake “-
frontal area with increasing angles ,of attack.

—

—

.
.-—

./

.-

—
--
-.

. i-
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Esttiated termtial Mach nuaber. - The effectiveness
cf the solid and slotted dive brskes in limiting the
terminal Mach nuniber of a high-speed airplane for wing
loadings of 6@ and 80 pounds per square foot has been
estimated by use of a generalized dra~ curve from refer-
ence 2 and the drag results presented b.erein. (See
fi~s. 36 to 39. ) The esthated terminal Kach number for
the airplane witln a wing loading of 60 pounds per square
foot at 25,0C0 feet altitude is approximatel;~ 0.950.
!Jith the ap@ication of the slotted brake the estimated
terminal Yach number for these same conditions is 0.695
and with the application of the solid brake, 0.675. Ah
55,000 feet, the slotted brake will llztitthe estimated
terminal Mach nuniberto 0.805 and the solid brake will
limit the estimated terminal Kach number to approxi-
mately 0.795. For a wing loadi~ of SO pounds per square
foot and 35,000 feet altitude, which represents the most
severe condition considered, tk.eslotted brake wtll limit
the estimated terminal l!ac’nnw~iber to 0.~80 and the solid
brake will ltiit the estimated terminal Mach number
to 0087C.

1;/ ake profiles.- The wake widths for the dive brakes
at a station approximating the probable tail location for
vsricus angles of attack and Kach numbers are presented
in figwes ~0 and ~1. The solid brake produces a broad
erratic wake that slightly increases in width with Mach
number. The width of the wake ranges from approximately
70 percent of the wing root chord below the wing chord
line to approximately 70 percent above the wing chord
line for Oo angle of attack. At an angle of attack of 4°
and a Mach number of 0.883, the wake boundary for the
solid brake has increased to 1 wing chord above the wing
chord line. The slotted brake provides a decrease in
wake widths of app~oximately 20 percent compared with the
solid brake. The wake boundaries for the #lotted brake
do not seem to be as erratic as those indicated for the
solid brake, especially for the lower-surface brake,
which suc~ests a possible reduction in magnitude of the
wake vorticit .

E
At an angle of attack of 4-0and a Nach

number of 0.8 ~},the wake bo-mdar~ for the wing with the
slotted brake is approximately 80 percent of the wing
chord above the wiw chord line as compsred with 1 chord
length for the solld brake. The wake of the brakes if
located in front of the horizontal tail will erivelop the
tail for a recommended tail location of 70 percent
above the wing chord (references 1 and j).

*
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Normal force and nitchlng moments .- The varfat ioa

of normal-f o~a-thing-moment coefficiehts with
Mach number for the solid and slotted brakes are presented
in figures 2& and 25, respectively. ‘-me vartation of
normal-force coefficient with Kach mrmber for the solid
brake below the force break for angles of attack of 0°
and 2° is small; however, a more rfipfd increase is indi-
cated for the larger a~les of attack. At the hi@er
?lachnumbers, that ts from 0.80Q.to “O;~OO, there is a

— -.

decrease in normal-force coefficient and, consequently,
an increase In anfllefor zero lift. For ths slotted
brake the variation of normal-force coefficient with Mach
number indicates a premature break in the nornal-forca-
coeffi.cient variation occurri~~ at ~Nach nrcaber of
approximately 0.6G0 for angles of attack of 0° and 2°.
(See fig. 25. ) This premature force-break is not con-
sidered serious snd examirmtlon of the spannise section
loadings indicates shtfts that at the hi@er Kaeh numbers
move inboard to.~~ardtk.abrake. (See””fiS. 22. ) At the
hi#cer Mach numbers, this shift in span loadi~ increases
the section loadi~~ at a station a~gmoximately 50 percdnt
of the wing semispan. It may be reasoned that, for a
Mach n-iber range from 0.600 to 0.760, a choking condi-
tion is occurring for the flow throu@ the slotted brake,
which demands a readjustment of’the flow over the win~,
?eyond a llachnumber of approximately 0.800, the usual
decrease in normal-force coefficient. occurs; however, the
force break is not so severe as that”encou.nte~ed for the
wfng alone in reference 1. (See fi&fl.24 and 25. ) The
data also Indicate an increase in nom-ml force beyond a
Yach number of O.~00 for angles of attack of 0° and 2°.
The variation of pitchtng-r.omentcoefficients about the
wing 2~-percent chord with Mach number for both the solid
and slotted brakes indicates no unusual characteristics
and both types of brake seemed to improve the ‘wi~-alone
vaz-iations.

In order to evaluate more completel~ the effects of
the dive brakes with regard to chances in wing character-
istics, the vazziation of’ l~ci+e~ents in norr.alforce and
pitchi~-mornents produced by the dive brakes with :Tac.h
number is considered. These data are p~esented tn fi~- ‘-
ures 30 and 31. The results indicate a loss in normal-
force coefficient for both the solid and slotted hrakos;
however, a grsater loss is indicated”f”ortke solid brake.

Both the solid and slotted braka”produce positive
increments in wing pitching-moment coefficients. The

.—.
-.

-.
—

—
—

—

—
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—

—
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slotted brake, however, produces a slightly ~eater
increment than the solid brake.

Sta_bility.- The static lortgitudhal stability char-
acterist ics for the whg with dive brakes compared with
those for the wing alone are presented in figure .27. In
general, the wing alone (reference 1) tends to become
more stable with increases in Mach nuber. For example,
at a Mach number of O.~00 for a normal-force-coefficient
range from..0.1 to O.~ the wing alone is neutrally stable,
becoming slfghtly unstable at the larger normal-force
coefficients . As the :’achnumber is increased, the winG
alone becomes increasi~qly stable with lar~e Increases
in stability occuz-rin~ at a ?Jachnumber of O.~00. The
application of the solid and slotted brakes increases to
a small de~-ee the stability of the wf~ except at high
Mach numbers. The win~ stability variations for both the
solid and slotted brakes are displaced tc a desirable
positive or pull-out pitching-moment coefficient range,
which may be. indicative of a positive trim change.

Application to complete airplane .- The wing static
longitudinal stability characteristics as defined by
normal-force and moment coef~lcients for tineslotted
brake seem to be, in general, satisfactory with re~ard
to application at hi@ Mach numbers, and the effective-
ness of tb.eslotted kra’ke in limiting the airplane ter-
minal Mach number compares favorably with that of the
solid brake.

Xt should be noted here that the inboard location
of the dive brakes investigated was determined by model
strength. Unpublished downwash measurement and fluctua-
tions made behind the brakes at a tail location recom-
mended in references 1 and 3 (70 percent above the wing
chord line) indicated erratic flow produced by the dive
brakes . Wake envelopment of the horizontal tail in the
recommended location would be encountered. (See section
entitled liWakeprofile}!.) These results ind~cate the
undesirability of a brake location in front of the hori-
zontal tail. An outboard location of the dive brakes is
recommended. It is believed that an outboard location
of the dive brakes would insure proper functioning of the
horizontal tail and tncrease the trim lift coefficient
for the airplane but an investtgatlon of a spectfic air-
plane confi~uration will be necessary to determine these
effects.

CC!NFIDEl~lXL
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Dive-Recovery-Flap Chsracterlstics .

Normal force and pltc’hingmoments .- The variation—— —. —
of normal-force coefficient for the dive-recovery flap
with Mach numker indicates a rapid increase in n&m.al~
force coefficient up to a Mach number of 0.800 for
Oo angle of attack. The normal-force coefficients
decreased rapidly with further increases in Nach number.
The pitching-moment coefficient for constant angles of
attack have small or nearly constant variations for a
?~~chnumbe~ raw~e froln00400 to approximately 0.650.

8From a Nach numbe~ of 0.650 to O. 5C an increase in posl-
tlve or pull-ou~ moment Is indicated; however, at Hach
numbers from G.800 to ~.925 a sli~ht decreaso occurs.
At the highest l.!achnumker the pitching moments for all “-
a~les of attack assume a positive z;oment coefficient,.
(See fiG. 26J

Increments in normal-force and mo.nont coei’ficient~.-
The dive --re~over~flan, the fundametital purpos~s of which
,areto increase fiin~ ~~f’tand to produce-favorable pull-
out moment changes at hi@i ~!achnumtie~s$ @33.?R.tSEa!?
increase in normal-forse and pos”~tive“rnor.ientcoefficient
through most of the test Mach number ra~e for a~?les of
attack of Oo, 20, and ~~~. For angles of attack of Oo, 2°,
and 4°, the norr.al-force coefficient increment for the
dive-recovery flap increases rapidly with Mach number.
For an angle of attack of 0° at a Mach number of O.qCO
the increment in normal-force coefficient produced fiy the
dive-recovery flap is approximately O.~. Fcr the hi&hest
test angle of attack -that is,To-a loss in normal-force
coefficient occurs for all Mach numbers. (See fi~. 32. )

The basic chordwise pressuxe distributions and sec-
tion loadings illustrate the variations discussed.

the dive-recove~~e -figs. 17 tO 20 and 23. ) In general,,
flap with its forward-chord location (30 percent of wing “-
chord) increases the local pressures .ovarthe forwsrd
part of the lower surface of the airfoil with separated
flow developod behind the flap and a correspondi~
decrease in pressures over the upperL_surface of the air-
foil. At low Hach numbers this cnordwise pressure dis-
tribution Coes not represent an incntiase in over-all lift
mainly because of the separated region induced behind the
flap, which tends to nullify the incmeased lift experienced
over the forward pazzt of the airfoil. ~e” small increment
In normal force that occurs for a Kach number of O.\;OOcan
be seen in figure 32.
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With increases in Mach number, corresponding
fncreases in local velo~ities distribute the chordwise
pzessures so that rapid increases in lift Occw- over the
forward part of the airfoil with the effect of the sepa-
rated flow behind the flap tendi~~ to remain the same.
-4ta Hacb number of a~proximately 0.929, however, the
rearwsrd shift in upper-surface pressures seem to nullify
some of the important increase in lift produced by the
dive-recovery flap; a .1OSS in flap effectiveness above a
Mach number of 0.900 is thus indicsted. (See figs. .17
and 20. ) The “changes in wing moment produced by the dive-
recovary flap is appazzentfrom these corres~ondi~ changes
in chordwise loadi~. The increased l~ading for the for-
ward pmt of the airfoil, which increases with increase
in Mach number until the rearward shift In upper-surface
loading occurs, will increase th,epull-out moment for most
conventional airplane center-of-gravity 10Cations. The
effects of the dive-recove~y flaps on the variation in
spanwise section loadings ‘havebeen com~ared with the
wing alone for angles of attack of 0° and 4.0. (See
fig. 23. ) For a Yach zxmhem of O.@O and an angle of
attack of )4.o the dive-recovery flap decreases the section
loading; however, a slizht increase in section loading
occurs outboard of the flap. Hit-n increase in Mach num-
ber the dive-recover

T
flap for constant angle of attack

up to approximately ~o produces increases in section
loading over most of the span.

Stability.- The”wing with the dive-recovery flap
for a Mach number range up to ~.850 follows closely the
wing-alone static longitudinal stabilit;~variation, the
clm?vebeing displaced to a positive moment direction.
(See fig. 27. ) For ?Jachnumbers of’CI.900and 0.925, how-
ever, the wing and dive-recovery flap become slightly
unstable with some decrease in tinepositive moment. At
the higher normal-force coefficients and Kach numbers,
a large increase in stability occurs. T~~eeffects of
the stability changes for the dive-recovery flap wil~ be
discussed further by use of downwash. measurem,ents and
unpublished tail characteristics to estimate over-all
airplane static longitudinal stability characteristics
at hi.g~ Hach numbers .

Dowriwash.- The dive-recovery ~lap produces sli~ht
decrease in downwash, from a Kach number of 0.,400to
approximate 1

3
0.750. At a ]Jachnumber of 0.800 to a Kach

number af O. 90 for angles of attack of 0°, 2°, and k“ a
rapid increase in ~ownwash OCCUr St (S= fig. 43. ) For

CONFIDENTIAL
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Oo an~le of attac~<at a Mach number of 0.500 the downwash
increment produced is essentially OO; however, at a Mach
number of 0.890 the downwash increment has Increased to
approximately 4°. The large increase in downwash due to
the dive-recovery flap will produce a large pull-out
moment for this range of Mach number. At an angle of
attack of 7° the dive-recovery flap does not contribute
to an increased downwash but shows a decrease in downwash
of ap roximately 10 at a Mach muabe~ of 0.850.

f)fig. 3.
(See

These downwash measurements were made at a
station cor~esponding to 25.8 percent of the semispan.
Examination of spanwise variation in section’nornal_ force _
for the dive-recovery flap compared -with the wing alone
(fig. 2 ) shows that the variation in section loading at
the 25.3-percent station with Mach number agrees quali-
tatively with the mess.uzzedincrement in downwash.

Q@ication to complete air~lane.- The general aero-—..— —-—.
dynamic merits of the dive-recovery flap with regard to
wing alone have been discussed; however, further analysis
is needed to evaluate more

z
ompletely the effectiveness

of’the dive-recovery flap i producin~ desirable airplane
pull-out characteristics. By use of the wing results of
reference 1, downwash measurements, unpublished tail char-
acteristics, and the results presented herein, the lo~wi-
tudinal stability and trim changes were calculated for
the airplane with and without the dive-recovery flap for -
Mach numbers of 0.800, 0.~25, 0.850, and 0.~90. (See
fig. ~.) These calculations are not considered quanti-
tatively exact; however, they illustrate the ov.sr-all
elevator-fixed static longitudinal stability character-
istics and trim changes that may bG encountered with the
application of the dive-recovery flap. These calculations
indicate that a rather lar~e decrease fn trim lift coef-
fici~nt ‘will occur for the airplane without the dlve-
recovery flap for a Nach number Increase from O.dOO
to 0.890. The application of the dive-recovery flap,
howaver~ produces an increase in trim with elevator fixed
for a Mach number of 0.800 and a similar but slightly
Greater increase in trim lift coefficient for a Mach num-
ber of 0.890. These calculations represent a stick-fixed
trim change that, for a w~.ng loadi.~ of 60 pounds per
square foot at 2.5,000feet at ;iac~~number~ of 0.800
and 0.890, will correspond to approximately a 3.6g pull-
out; however, at lower altitudes the_normal acceleration
will be somewhat greater. (See fiGs. 6 and 44.) From
the results and calculations of the present paper the
dive-recovery flap investigated may be concluded to

.
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provide satisfactory pull-outs for an airplane configura-
tion in the range of Mach number from 0.600 to O.~00.

‘Xake profile s.- The dive-recovery flap produses a
wake approximately 1 chord in width displaced below the
wing chord line. At a Mach number of 0.867 and an angle
of attack of 4°, the flap upper-wake boundary is approxi-
mately 50 percent of the wing chord above the chord line-
however, at this point a wake loss (AH/q of approx. o.o~.)
was measured that is believe~ to be introduced by an
upper-surface shock disturbance. This disturbance is
apparent for all angles of attack and,for an angle of
attack of ho at a Mach number of 0.887,extends to 1~0 per-
cent of the wing chord above the wing chord. (See fig. 4-2.)
The a~plftude and ~luctua.tions in the wake produced by
this indicated shock disturbance should not be serious
and iS similar tO that a-na~~Od in ??eferenCS 2,which ~Lay

qive an.indication of the structural stiffness needed for
the fuselage and tail design.

w“- The variation of drag coefficient with Mach
number foa.the dive-recovery flap tndtcates a large
increase in wing pi”Of’i10 drag from a Kacn number of 0.750
to the”highest Hach number tested. At a Mach number
of 0.850 for an angle of attack of 4°y the dive--recovery
flap represents an increase of approx’-wately 59 percent
of the wing-alone drag. (See reference 1 and fig. 55. )

COXCL-UDING REMARKS

The present inv~stigatlon of sfiiil~ solid and
slottbd dive brakes mounted on a model of a high-aspect-
ratio wing has shown that the slotted brakes are slightly
less effective than the solid brakes in limiting the ter-
minal Mach number of a proposed high-speed bomber. The
slotted brake was estimated to-limit an airplane terminal
Mach.number to values below O.t@O for altitudes up to
~5,000 feet and wing loadin&s up to 80 pounds per square
foot: The slotted brake decreased slightly the serious
effects usually associated with a solid brake such as
lift loss, wing moment cha~es, and wake fluctuations.
It is recczmnended that the slotted brake be located out-
board on the wing to prevent wake envelopment of the
horizontal tail.

CONIZHXSNI!IAL



A dive-recovery flap of the same relative dimensions
and location investigated herein installed on a high-
speed airplane should produce triri changes required for
Pull-out$ at 2,5,000feet for a Mach number range from 0,300
to 0.900,

Langley Memorial Aeronautical Laboratory
National Advisory Cq~ittee for Aeronautics

Langley Field, Va.
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“(a)Solid brake.

(b) Slotted brake.

-Figure 2.- Solid and slotted dive brakes mounted on wing in
Langley 8-foot high-speed tunne10.
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Figure 5.- Dive-recovery flap mounted on wing.
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